Thefunction of both right and left sides of the heart was studied during spontaneous attacks of angina pectoris at rest in 7 patients showing ST depression (type I) and 4 showing ST elevation (type II) during the attack.
402 Guazzi, Polese, Fiorentini, Magrini, Olivari, and Bartorelli sure and that major changes in the greater and lesser circulation occur, consistent with impaired left ventricular function, but there are still areas that require further elucidation. Abundant data indicate that increased cardiac mechanical activity is the major precipitating mechanism in effort and in pacing-induced angina. The factors involved in, or responsible for, spontaneous type I angina are less certain. A correlation between the time of onset of systemic hypertension, increase in left ventricular end-diastolic pressure, and electrocardiographic abnormalities has not been fully established. It is also not clear whether anginal pain is responsible for the rise in arterial pressure and whether the latter contributes to left ventricular dysfunction; in addition there is lack of agreement as to whether the basis of such dysfunction is transient left ventricular failure, reduced ventricular compliance, or increased myocardial wall stiffness. Finally, the function of the right heart and its relation with that of the left has not been investigated. A purpose of this report is to present our observations which may contribute to the elucidation of these points.
As regards angina with ST segment elevation (our type II), some of the aspects listed above have been clarified in a previous report from this laboratory (Guazzi et al., 197I) . A comparison between the data on spontaneous angina with ST segment depression (Muller and Rorvik, 1958; Cohen et al., I965; Gorlin, I965; Roughgarden, I966; Littler et al., I973) and the results of our previous study of the Prinzmetal' s form (type II) (Guazzi et al., I97I) indicates that some differences exist between the two types. Another purpose of this report is to assess and to define more precisely, if possible, such differences. In our earlier study of the Prinzmetal form right heart function was not investigated; additional subjects suffering from this type of angina have been examined including this aspect of the circulation.
Subjects and methods
The more frequent the anginal attacks, the more detailed can the haemodynamic observations be, since various circulatory aspects can be analysed within the same individual in separate episodes of angina. Accordingly from 23 patients with type I and 9 with type II attacks, 7 and 4 subjects respectively who had a daily occurrence of at least IO spontaneous episodes, were selected for the investigation.
Each subject gave a history of spontaneous praecordial pain of variable occurrence for periods ranging from 2 months to 3 years. None of them had symptoms or signs (clinical or radiological) of valvular disease. In patients with angina type I the basal electrocardiogram was normal in 2 cases; it showed an old myocardial infarction in 2 cases, and flat or negative T waves in the left-sided leads in 3 cases. In angina type II, in i case the electrocardiogram presented flat T waves in the inferior leads and was normal in the other 3 cases. In group I the main electrocardiographic abnormality during angina was ischaemic ST segment depression in the leads reflecting left ventricular epicardial potentials, sometimes accompanied by T wave inversion; in a few subjects, and only in some of their anginal episodes, ST segment sagging was preceded or accompanied by peaking of the T wave. In type II patients, ST segment elevation in the inferior leads in 3 cases, and in the left-sided leads in i, was the major electrocardiographic feature during angina. In both groups, some patients in occasional anginal episodes developed cardiac arrhythmias, such as premature ventricular contractions or short runs of ventricular tachycardia.
Over a one-week period, daily recording in a diary of the time and circumstances of the attacks indicated the hours of the day when spontaneous angina occurred with the highest frequency for each individual patient. The haemodynamic studies were carried out during these hours. Each patient gave free consent to the investigation in the full knowledge of the procedures to be undertaken. In order to minimize the possible effect of emotion or tension, they were familiarized with the investigators and the laboratory before the study. Patients came to the laboratory on three consecutive days. On the first day they merely lay comfortably in bed for a few hours. On the second day they lay in bed for several hours while continuous electrocardiographic recordings were made.On the third day the circulatory investigation was performed for an average duration of 7 hours. Our object was to obtain as much information as possible using safe techniques without discomfort to the patients.
Haemodynamic studies
Studies were carried out in the fasting state without premedication in the supine position. The following variables were continuously recorded, at a variable paper speed, on a Hewlett-Packard 8-channel ink recorder: electrocardiogram, phonocardiogram, heart rate, carotid sphygmogram, systemic arterial pressure, pulmonary arterial or wedge pressure, and right atrial pressure. The electrocardiogram was also monitored on an oscilloscope; during low speed paper recordings the electrocardiographic pattern could be inspected on the oscilloscope tracing, which was set at a sweep speed of 25 mm/s. However, the changes occurring during angina were so clear that they could be consistently detected even at a speed as slow as o.s mm/s.
Under local anaesthesia, a balloon-tipped catheter (Swan et al., I970) From the onset ofthe abnormalities on the electrocardiogram a brief fall of arterial pressure was observed which was paralleled by a reduction of cardiac output and an increase of peripheral resistance. The initial hypotensive phase was followed by a rapid and progressive rise of arterial pressure (towards levels definitely higher than the preanginal ones), due to both an increase of output and a further increase of resistance. An increase of heart rate accompanied the pressure rise. The circulatory pattern then remained unchanged for the entire group.bmj.com on April 3, 2017 -Published by http://heart.bmj.com/ Downloaded from 404 Guazzi, Polese, Fiorentini, Magrini, Olivari, and Bartorelli (ml min-'m2) (9)
Abbreviations as in Table I . Fig. 2 reproduces original records from the same patient as Fig. I , taken during an episode of electrocardiographic abnormality accompanied by pain. Transient electrocardiographic abnormalities of myocardial ischaemia without anginal pain are shown in Fig. 3 (patient M.C.) ; the circulatory behaviour is qualitatively similar to that of the painful episode reproduced in Fig. 2 . An example of cardiac arrhythmias which accompanied some of these anginal attacks is represented in Fig. 4 ; the electrocardiographic and circulatory changes caused by nitroglycerin are also recorded. In this episode of angina, sagging of the ST segment is accompanied by peaking of the T wave.
A curious phonocardiographic feature was observed in patient M. in 4 of them; in the other 6 episodes the catheter was pulled back from the wedge position. From the onset of the electrocardiographic alteration, during its waxing and steady period (from time E to M), a progressive reduction of arterial pressure was observed, which was paralleled by a conspicuous reduction of cardiac index and a rise of systemic peripheral resistance. The following changes were simultaneously observed from time E through time M: i) rise of right atrial and pulmonary wedge pressures; 2) quite moderate increase of heart rate; 3) definite reduction of right and left ventricular stroke work, right and left mean rate of systolic ejection, mean pre-ejection dP/dt of the left ventricle.
At the beginning of the waning period, which occurred spontaneously in most of the episodes of by the large arrows between leads V4 and VS. The small arrows indicate a systolic non-ejection click which appeared only with pain (indicated by the heavy line at the bottom). In the initial part of the anginal attack, when pain was absent, the systolic click was undetectable. group.bmj.com on April 3, 2017 -Published by http://heart.bmj.com/ Downloaded from 41O Guazzi, Polese, Fiorentini, Magrini, Olivari, and Bartorelli reasonable to conceive, acute myocardial ischaemia, the latter was the initiating event, which was immediately followed by circulatory variations of different quality in the two groups.
In angina with ST segment depression the initial hypotensive response was associated with considerable increase of the filling pressures, and a decrease of stroke work, mean rate of systolic ejection of both ventricles, and left dP/dt. These responses, which are representative of changes usually described in ventricular failure (Braunwald, Sarnoff, and Stainsby, 1958; Diamond et al., I972) indicate that during the very early stage of angina overt failure occurs, which involves both sides of the heart. The circulatory pattern follows an opposite direction in the time course of the attack: stroke work and mean rate of systolic ejection of both ventricles, left dP/dt, arterial pressure, and heart rate rapidly increase, all of them reaching levels higher than in the pre-attack period. It seems unlikely that Starling's mechanism is responsible for such improvement of cardiac function, since in many instances the filling pressure was at the same level in the early stage of functional depression as in the subsequent stage of functional improvement. We would rather suggest, in agreement with Littler et al. (I973) , that a sympathetic compensatory mechanism becomes active during the attacks of this angina. The triggers of the sympathetic activation might be at the level of the reflexogenic areas of the vascular system, or of the heart itself (Malliani, Schwartz, and Zanchetti, I969) . It seems unlikely that pain is the primary factor involved in the sympathetic activation, since the latter becomes manifest also in the episodes unaccompanied by pain.
Right atrial and pulmonary wedge pressures Linhart et al. (I969) and by Dwyer (I970); such a mechanism could provide a reasonable explanation for the discrepancy above.
The observations in this study led us to consider the relation between the mechanical effort of the heart and the acute ischaemia of angina from a viewpoint opposite to that commonly suggested. The increased effort of the heart, caused by the rise in arterial pressure and cardiac rate, is generally considered as the primary cause of ischaemia in exercise (Robinson, I967) or pacing-induced angina (Sowton et al., I967; Lau et al., I968) . In spontaneous angina of the type we are dealing with, the electrocardiographic abnormalities of ischaemia become evident first, the overload of the heart appears a consequent phenomenon. These considerations bring on, once more, the disputed question as to whether the beneficial effect of nitroglycerin is primarily at the level of coronary circulation or the consequence of the reduced load of the heart. A contributory effect of the latter mechanism cannot be excluded in our cases, but the data indicate the former mechanism as the primary one in interrupting spontaneous angina. Support for this interpretation is provided by the fact that nitroglycerin is effective in the Prinzmetal form of angina, during which the work of the heart has been shown to be lower than in the pre-anginal periods.
The observations in this study of Prinzmetal's angina confirm the data of our previous report (Guazzi et al., I97I) . The results indicate that cardiac failure occurs during the anginal attacks and that both sides of the heart are involved. Contrary to type I angina, the function of the heart remains depressed throughout the ST segment elevation, and functional recovery occurs only at the time when the electrocardiographic signs of ischaemia start to disappear. The compensatory mechanism which comes into action in angina type I does not seem to be elicited, or, what appears more likely, to become effective in the Prinzmetal form. The second hypothesis, in agreement with the experimental demonstration that ST segment elevation is associated with more severe ischaemia than ST segment depression (Ekmekci et al., I96I) , implies a more severe dynamic impairment in type II than in type I angina.
Finally, as far as pain is concerned, we have already discussed its role in relation to the circulatory effects. The occurrence in both types of angina of episodes either accompanied or unaccompanied by pain, within the same patient, suggests that the trigger factors of this symptom, whatever they are, do not come into action in all of the episodes of electrocardiographic abnormalities. Possible differences in the magnitude and duration of the electrocardiographic abnormalities and circulatory variations between painful and non-painful episodes were examined. Though we had the impression that the episodes with pain were those with greater electrocardiographic abnormalities, no definitive pattern could be established. A constant feature in our experience, similar to that of other authors (Lau et al., I968) , was that in all of the cases pain was signalled to start in the steady state of the electrocardiographic alteration, and in no case before or during its waxing phase. The symptom disappeared usually when the circulatory alterations had returned completely to normal, i.e. somewhat later than the return to normal of the electrocardiogram. The appearance, in a patient, of a systolic click only during those periods of electrocardiographic alteration accompanied by pain, suggests that some additional disorder (Pasternac et al., I972) in ventricular contraction occurs, or becomes greater, during pain; it is hard, however, to establish whether the latter is the cause of the pain, or both depend upon a common cause.
